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Abstract
We investigate Lepton-Flavor Violating (LFV) decays of Higgs to muon-tau in the
Supersymmetric Economical 3-3-1 (SUSYE331) model. In the presence of flavor mix-
ing in sleptons {µ˜, τ˜} and large values of v/v′, the ratio of Br(H → τ+µ−)/Br(H →
τ+τ−) can reach non-negligible values O(10−3), as in many known SUSY models.
We predict that for the Standard Model Higgs boson, the LHC may detect its de-
cay to muon and tauon. We also investigate the asymmetry between left and right
LFV values of corrections and prove that the LFV effects are dominated by the
left FLV term, which is O(103) times larger than the right LFV term in the limit
of small values of |µρ|/mSUSY . The contributions of Higgs-mediated effects to the
decay τ → µµµ are also discussed.
Key words: Supersymmetric models, Decays of taus, Supersymmetric Higgs
bosons
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1 Introduction
The experimental evidences of non-zero neutrino masses and mixing [1] have
shown that the Standard Model (SM) of fundamental particles and interac-
tions must be extended. Among many extensions of the SM known today,
the models based on gauge symmetry SU(3)C ⊗ SU(3)L⊗U(1)X (called 3-3-1
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models) [2,3] have interesting features. The model requires that the number
of fermion families N be a multiple of the quark color in order to cancel
anomalies, which suggests an interesting connection between the number of
flavors and the strong color group. If further one uses the condition of QCD
asymptotic freedom, which is valid only if the number of families of quarks
is to be less than five, it follows that N is equal to 3. In addition, the third
quark generation has to be different from the first two, so this leads to the
possible explanation of why top quark is uncharacteristically heavy (see, for
example, [4]). The 3-3-1 models can also provide a solution of electric charge
quantization observed in the nature [5].
In one of the 3-3-1 models [3] three SU(3)L lepton triplets are of the form
(νl, l, ν
c
l )L, where ν
c
l is related to the right-handed component of the neutrino
field νl (a model with right-handed neutrinos). The scalar sector of this model
requires three Higgs triplets, and it is interesting to note that two Higgs triplets
has the same U(1)X charge with two neutral components at their top and
bottom. Giving all neutral Higgs fields a vacuum expectation value (VEV),
we can remove one Higgs triplet. Hence the Higgs sector of the obtained model
becomes minimal, and it has been called the economical 3-3-1 model [6].
The lepton-flavor is absolutely conserved in the SM. Recently, experiments on
neutrino oscillations have proved that lepton flavor is not conserved. It leads to
motivation on a search for the signals of lepton flavor violations (LFV) beyond
the SM. Many versions of the extension of Minimal Supersymmetric Standard
Model (MSSM) with large tanβ have been investigated in Higgs LFV decay.
The interesting here is there exists parameter space that predicts the branching
ratio of these types of decays are very sizable, enough to be detected by present
colliders such as CERN Large Hadron Collider (LHC) [7] or International
Linear Collider (ILC) [8]. For example, the SM [9] predicted that branching
ratio of H → µτ is very suppressed. However, in the beyond SM, this ratio
can reach large values, more than 10−4. In particular, Refs. [10,11] showed
that, in the MSSM, BR(H → µ+τ−) ∼ 10−4 if mH/MSUSY ∼ 10−1 . The
Minimal Supersymmetric Neutrino Seesaw Models (νMSSM) [12] predicted
the branching ratio of heavy Higgs LFV decay is of order 10−4 while that of
light Higgs LFV decay is of order 10−8. For more discussions in details about
the Higgs LFV decay, readers are referred to [13] for general LFV framework,
to [14] for two Higgs doublet models, to [13,14,15,16,17,18,19] for MSSM, and
νMSSM and to [20] for little Higgs models (LTH).
The MSSM has shown that in the limit of large tan β, the radiative corrections
become non-negligible in many Higgs LFV decay processes. For example, refs.
[15,17] showed that the ratio Rb/t ≡ BR(H → b¯b)/BR(H → t¯t) can be
distinguished between the MSSM and non-supersymmetric models. The main
reason is that the Higgs boson couplings to down-type fermions receive a large
corrections enhanced by tanβ. It leads to many interesting decay processes
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in quark sector such as b → sγ [21,22]. The large value of tan β also leads to
many interesting effects in the lepton sector, especially when the LFV source
in sleptons is included.
Recently, the Supersymmetric Economical 3-3-1 model (SUSYE331) has been
constructed [23]. Apart from interesting features that mentioned in refs. [23,24,25,26],
the scalar sector is minimal, and therefore it has been called the economical.
In a series of works [23,24,25,26], we have developed and proved that the
non-supersymmetric version [6] and supersymmetric version are consistent,
realistic and very rich in physics. In the previous work [24], we skip the LFV
source in the soft sector. However, the model predicts more interesting phe-
nomenology if there exists LFV source in the soft breaking terms. In this
paper, we will concentrate on LFV Higgs decays to µτ with the presence of
misalignment of sleptons {µ˜, τ˜} and their sneutrinos contained in soft breaking
terms. In SUSYE331 model, for generating fermion masses as well as canceling
anomaly, one needs four Higgs triplets. In particular, the ”up” ρ0 Higgs gives
mass for neutrinos and the remain, ”down” ρ′0, gives mass for charged leptons
[23,25] and other Higgs give mass for quarks.The ratio of VEVs, namely <ρ
0>
<ρ′0>
,
is denoted by tan γ which is similar to tanβ in MSMS. Hence,the ρ0 and ρ′0
Higgs play very important roles if we consider effects of radiative correction
in lepton sector in the limit of large tan γ. The corrections may cause many
non-negligible effects, such as the correction of lepton mass, branching ratio
of LFV Higgs decay...On the other hand, the model 331 is the extension of
SM based on extended gauge symmetry. Therefore, comparing to MSSM, the
SUSYE331 model contains new gauge bosons and new Higgses as well as their
superpartners. Because of appearing of new particles, the number of diagrams
contributing to LFV Higgs decay in SUSYE331 model is predicted more than
that in MSSM. It leads to LFV in Higgs decay effected in SUSYE331 may
be larger than in MSSM. Hence, in this work, we investigate the flavor vio-
lating Higgs coupling in SUSYE331 model, specially we focus on the {µ, τ}
generations.
Our work is arranged as follows: In Section 2, we review the particle content
in SUSYE331 model. The analytic expressions of the Higgs effective couplings
are studied in Section 3. In Section 4, we study a numerical estimation on
decay H → µτ at colliders and compare contribution from the left and right
LFV radiative corrections into the mentioned decay. In this section, we also
consider the contributions of Higgs exchange to branching ratio of τ → 3µ
decay. In the last section, we summarize our main results.
3
2 Particle content
Let us give brief report on the particle content in SUSYE331 model [23]. The
superfields in the anomaly-free model are given by
L̂aL =
(
ν̂a, l̂a, ν̂
c
a
)T
L
∼ (1, 3,−1/3), l̂caL ∼ (1, 1, 1), a = 1, 2, 3 (1)
Q̂1L =
(
û1, d̂1, û
′)T
L
∼ (3, 3, 1/3), (2)
ûc1L, û
′c
L ∼ (3∗, 1,−2/3), d̂c1L ∼ (3∗, 1, 1/3), (3)
Q̂αL =
(
d̂α,−ûα, d̂′α
)T
L
∼ (3, 3∗, 0), α = 2, 3, (4)
ûcαL ∼ (3∗, 1,−2/3) , d̂cαL, d̂′cαL ∼ (3∗, 1, 1/3) , (5)
χ̂ =
(
χ̂01, χ̂
−, χ̂02
)T ∼ (1, 3,−1/3), ρ̂ = (ρ̂+1 , ρ̂0, ρ̂+2 )T ∼ (1, 3, 2/3), (6)
χ̂′ =
(
χ̂′o1 , χ̂
′+, χ̂′o2
)T ∼ (1, 3∗, 1/3), ρ̂′ = (ρ̂′−1 , ρ̂′o, ρ̂′−2 )T ∼ (1, 3∗,−2/3).(7)
Here we use some new notations as ψ̂cL = (ψ̂R)
c ≡ ψ̂†R and exotic quarks are
denoted by usual quarks with prime-superscripts (u′ with the electric charge
qu′ = 2/3 and d
′ with qd′ = −1/3). The values in each parenthesis show
corresponding quantum numbers of the (SU(3)c, SU(3)L,U(1)X) symmetry.
In this model, the SU(3)L ⊗ U(1)X gauge group is broken via two steps:
SU(3)L ⊗U(1)X w,w
′−→ SU(2)L ⊗ U(1)Y v,v
′,u,u′−→ U(1)Q, (8)
where the VEVs are defined by
√
2〈χ〉T = (u, 0, w) ,
√
2〈χ′〉T = (u′, 0, w′) (9)
√
2〈ρ〉T = (0, v, 0) ,
√
2〈ρ′〉T = (0, v′, 0) . (10)
The vector superfields V̂c, V̂ and V̂
′ containing the usual gauge bosons are
given in [23,25]. The supersymmetric model possessing a general Lagrangian
is studied in [25]. In the following, only terms relevant to our calculations are
displayed.
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3 Higgs-muon-tauon effective interactions
In the SUSYE331 model [23,25], at the tree level, the down-type leptons
(e, µ, τ) only couple to the neutral Higgs (ρ′0) through the Yukawa interaction
given by
LllH = −λ1ab
3
(LaLl
c
bLρ
′0 +H.c.). (11)
In general case, λ1ab 6= 0, the Lagrangian given in (11) not only provides
mass for the charged leptons but also gives the source of the lepton flavor
mixing at the tree level. It means that if the couplings λ1ab 6= 0 with (a 6= b),
the LFV processes, such as Higgs→ µτ , must be existed. In this case, our
theory predicts very large branching ratios of LFV processes which exceed to
experimental results discussed in [27]. Hence, in the following calculation, we
skip the λ1ab with (a 6= b) in (11) .
Let us consider another source of LFV which is caused by slepton mixing.
More details of slepton mixing, one can find in Appendix C. Because of slep-
ton mixing, the leading effective interactions of leptons with ρo, ρ′o Higgs can
appeare at the one-loop order. In this paper, we will concentrate only on the
couplings of Higgs with {µ, τ} leptons.
In order to consider the µ, τ flavor mixing at the one loop level, first we rewrite
the original Lagrangian (11) in terms of two component spinor notations which
are familiar to those in literature, namely
− L0µτ = (YµµcLµL + Yττ cLτL) ρ′0 +H.c., (12)
where Yµ ≡ λ122/3, Yτ ≡ λ133/3.
At the one-loop level, if we skip all of the terms which are proportional to
Yµ except terms contributing to mass of muon, then Yukawa interactions con-
taining Higgs-lepton-lepton couplings can be divided into two parts:
• The lepton-flavor conversing (LFC) part given by
−∆LFC =
(
Yµ∆
1ρ
µ + Yτ∆
2ρ
µ
)
µcLµLρ
0∗ + Yτ∆ρτ τ
c
LτLρ
0∗
+
(
Yµ∆
1ρ′
µ + Yτ∆
2ρ′
µ
)
µcLµLρ
′0 + Yτ∆ρ
′
τ τ
c
LτLρ
′0 +H.c., (13)
• The lepton-flavor violating (LFV) part given as
−∆LFV = Yτ (∆ρLτ cLµL +∆ρRµcLτL) ρ0∗
+ Yτ
(
∆ρ
′
L τ
c
LµL +∆
ρ′
Rµ
c
LτL
)
ρ′0 +H.c., (14)
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where all of ∆1ρµ ,∆
2ρ
µ ,∆
1ρ′
µ ,∆
2ρ′
µ ,∆
ρ
τ ,∆
ρ′
τ ,∆
ρ
L,∆
ρ′
L ,∆
ρ
R and ∆
ρ′
R are the leading
effective couplings.
From now on, for convenience, we use notation ∆ to imply any radiative cor-
rection of couplings appearing in (13) and (14). Note that ∆ is a dimensionless
function of mass parameters and ∆ρµ, ∆
ρ
τ are non-zero value even if we assume
that there is no flavor mixing in slepton sector. We emphasize that ∆ρτ is
one of quantities affecting on many observable quantities such as the ratio of
branching ratios Br(H → bb¯)/BR(H → τ τ¯ ). The contribution of ∆ρτ to that
of branching ratios in the SUSY model is studied in [15,17]. The diagrams
which contribute to all of ∆s are drawn in Appendix A.
Now let us construct the total effective Lagrangian for Higgs, muon and tauon
couplings in terms of physical eigenstates. First we write down the whole
Lagrangian coming from all of Eqs. (12), (13) and (14) in the matrix form
− L= Yτ
(
µcL τ
c
L
)
Yl1
µL
τL
 ρ′0 + Yτ (µcL τ cL
)
Yl2
µL
τL
 ρ0∗ +H.c.,(15)
where Yl1 and Yl2 are matrices defined by the following formulas:
Yl1 =
∆oρ′µ ∆ρ
′
R
∆ρ
′
L 1 + ∆
ρ′
τ
 ; Yl2 =
∆oρµ ∆ρR
∆ρL ∆
ρ
τ
 , (16)
with y ≡ Yµ/Yτ , ∆oρµ ≡ y∆1ρµ +∆2ρµ and ∆oρ′µ ≡ y + y∆1ρ′µ +∆2ρ′µ .
Because of loop corrections, the mass matrix of the µ, τ in (15) is no longer di-
agonal. In order to find the physical eigenstates of muon and tauon, we expand
the Higgs ρ and ρ′ around the vacuum expectation values. As a consequence,
the mixing mass matrix for the muon and tauon are
− Lmass=Yτv′
(
µcL τ
c
L
)
Yl
µL
τL
+H.c., (17)
where
Yl≡Yl1 + tγYl2 = (1 + ∆ρ
′
τ +∆
ρ
τ tγ)
 ǫµ ǫR
ǫL 1

= (1 + ∆ρ
′
τ +∆
ρ
τ tγ)Yǫ, (18)
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with
tγ ≡ tan γ = v
v′
=
〈ρ0〉
〈ρ′0〉 , ǫµ ≡
∆oρ
′
µ +∆
oρ
µ tγ
1 + ∆ρ
′
τ +∆
ρ
τ tγ
,
ǫL≡ ∆
ρ′
L +∆
ρ
Ltγ
1 + ∆ρ
′
τ +∆
ρ
τ tγ
, ǫR ≡ ∆
ρ′
R +∆
ρ
Rtγ
1 + ∆ρ
′
τ +∆
ρ
τ tγ
(19)
and
Yǫ =
 ǫµ ǫR
ǫL 1
 (20)
It is easy to see that the mixing mass matrix of muon and tauon given in
(20) is a general matrix. Finding the mass eigenvalues of left-right leptons is
equivalent to finding a matrix C satisfying:
C†Y†ǫYǫC =
 y2µ 0
0 y2τ
 ≡ Y2d . (21)
In our theory, the matrix C can be found in a form
C =
 cΛ sΛ
−sΛ cΛ
 , (22)
where cΛ ≡ cos Λ, sΛ ≡ sin Λ and Λ is the rotation angle given by
t2Λ ≡ tan(2Λ) = 2(ǫµǫR + ǫL)
1 + ǫ2R − (ǫ2µ + ǫ2L)
. (23)
In addition, Yd = diag(yµ, yτ) in which (yµ, yτ ) are defined as follows
y2µ= r
′ − rs2Λ, y2τ = r′ + rc2Λ, (24)
where
r2≡ 4(ǫµǫR + ǫL)2 +
[
1 + ǫ2R − (ǫ2µ + ǫ2L)
]2
, r′ ≡ ǫ2µ + ǫ2L . (25)
Note that the mass eigenvalues of muon and tauon are proportional to (yµ, yτ ),
namely
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mµ = yµYτv
′(1 + ∆ρ
′
τ +∆
ρ
τ ), mτ = yτYτv
′(1 + ∆ρ
′
τ +∆
ρ
τ ). (26)
On the other hand, the mass eigenstates of leptons (µ, τ) and (µc, τ c) are
determined from two transformations
Lc=
µc
τ c
 = (Ul)T
µcL
τ cL
 = UTl LcL,
L=
µ
τ
 = Vl
µL
τL
 = VlLL, (27)
where Ul and Vl have come from (21), namely
U †l =Y−1d C†Y†ǫ =
 1yµ 0
0 1
yτ

 cΛ −sΛ
sΛ cΛ

 ǫµ ǫL
ǫR 1
 ,
V †l =C =
 cΛ sΛ
−sΛ cΛ
 . (28)
Next, we replace Yl1 in Eq. (15) by a new form deduced from Eq.(18)
Yl1 = (1 + ∆ρ
′
τ +∆
ρ
τ tγ)Yǫ − Yl2tγ
Now we have obtained a new expression of (15) as follows
− L= Yτ(1 + ∆ρ′τ +∆ρτ tγ)
(
µcL τ
c
L
)
Yǫ
µL
τL
 ρ′o
+ Yτ
(
µcL τ
c
L
)
Yl2
µL
τL
 (ρo∗ − tγρ′o) + H.c., (29)
In the basis of mass eigenstates of the muon and tauon given in Eq. (27), the
Lagrangian (29) transforms into
− Ld=Yτ (1 + ∆ρ′τ +∆ρτ tγ)LcT Yd Lρ′o
+YτL
cT (U †l Y2V †l )L(ρo∗ − tγρ′o) + H.c. (30)
It is needed to emphasize that the first term in Eq. (30) generates only masses
for muon and tauon while the second creates masses as well as give rise to the
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lepton flavor mixing. Sources of flavor mixing are two off-diagonal elements of
the matrix (U †l Y2V †l ) :
(
U †l Yl2V †
)
12
=
c2Λ∆
ρ
Rǫµ
yµ
+
(c2ΛǫL − cΛsΛ)∆ρτ
yµ
+
cΛsΛ(∆
ρ
LǫL +∆
oρ
µ ǫµ −∆ρRǫR)− s2Λ(∆ρL + ǫR∆ρR)
yµ
, (31)
(
U †l Yl2V †
)
21
=
c2Λ∆
ρ
L
yτ
+
c2Λ∆
oρ
µ ǫR − cΛsΛ∆ρτ
yτ
+
cΛsΛ(∆
ρ
LǫL +∆
oρ
µ ǫµ −∆ρRǫR)− s2Λ(∆ρτǫL + ǫµ∆ρR)
yτ
(32)
In the further calculations, we consider a case of (tγ∆)≪ 1 but large enough
(as investigated in MSSM) to cause many interesting effects, and we will com-
ment more details after some numerical calculations. On the other hand, the
rotation angle given in Eq. (23) is very small, so we can set cΛ ≃ 1, sΛ ≃ Λ.
As a result, Eqs. (24), (31) and (32) can be presented as very simple formulas:
yµ≃ ǫµ, yτ ≃ 1,(
U †l Yl2V †
)
12
≃∆ρR,
(
U †l Yl2V †
)
21
≃ ∆ρL, (33)
and the above LFV Lagrangian also appears in a simple form:
− LFV ≃Yτ(∆ρRµcτ +∆ρLτ cµ)(ρ0∗ − tγρ′0) + H.c.. (34)
Finally, in the mass-eigenstate basis for both lepton and Higgs, we obtain the
effective LFV Lagrangian:
− LFV ≃
√
2Yτ(∆
ρ
Rµ
cτ +∆ρLτ
cµ) (sαsγφSa36 − cαsγϕSa36) + H.c., (35)
where ϕSa36 and φSa36 are the Higgs mass eigenstates generated from the mix-
ing of two original Higgs bosons ρ0 and ρ′0. The expressions of the Higgs mass
eigenstates were introduced in [25]. They are summarized in the Appendix
C. The emphasis here is that in the general supersymmetric model there ex-
ist both the leading interactions of the muon, tauon with neutral scalar and
pseudo scalar Higgs. However, the SUSYE331 model contains only interactions
among muon, tauon and scalar Higgs.
The effective couplings given in (35) are widely investigated for many LFV
low-energy processes, specially in the MSSM [10,18,28]. In this paper we first
concentrate on some simple aspects of LFV in the SUSYE331 model. In par-
ticular, we are going to consider the LFV in decays of the scalar Higgs, i.e.
9
Φ0 → τ±µ∓, where Φ0 = ϕSa36 or φSa36 . First, we start with studying the
branching ratios of neutral Higgs decay into muon and tauon. The SUSYE331
model predicts that the formula of these branching ratios is
BR(Φ0 → τ+µ−) =BR(Φ0 → τ−µ+)
= 2(1 + tan2 γ)
(
| ∆ρL |2 + | ∆ρR |2
)
BR(Φ0 → τ+τ−).
(36)
This result is similar to that one given in [10], except the absence of angle of
mixing among Higgses. In the limit of appropriately large tan γ, the effects
of LFV in the Higgs decay processes is not to be ignored. Hence, our theo-
retical prediction is not much different from that of previous results given in
[10,11,15,16,28]. For details, we will study some numerical calculations for the
branching ratios indicated by Eq.(36). In our paper, we use the assumption for
slepton mixing presented in Appendix C. The diagrams giving contributions
to ∆ρR and ∆
ρ
L are shown in Fig.1. The relevant vertices to our calculation are
presented in Appendix B.
Using Feynman rules, we can obtain the expression ∆ρL from the diagrams in
Fig.1, namely:
∆ρL=∆
ρ
La +∆
ρ
Lb +∆
ρ
Lc +∆
ρ
Ld +∆
ρ
Le +∆
ρ
Lf +∆
ρ
Lk, (37)
where
∆ρLa=
g′2
216π2
µρm
′cLsL
[
I3(m
′2, µ2ρ, m˜
2
L2
)− I3(m′2, µ2ρ, m˜2L3)
]
,
∆ρLb=−
g2
24π2
µρmλcLsL
[
I3(m
2
λ, µ
2
ρ, m˜
2
L2
)− I3(m2λ, µ2ρ, m˜2L3)
]
,
∆ρLc=−
g2
16π2
µρmλcνLsνL
[
I3(m
2
λ, µ
2
ρ, m˜
2
νL2
)− I3(m2λ, µ2ρ, m˜2νL3)
]
,
∆ρLd=−
g2
16π2
µρmλcνRsνR
[
I3(m
2
λ, µ
2
ρ, m˜
2
νR2
)− I3(m2λ, µ2ρ, m˜2νR3)
]
,
∆ρLe=
(Yνµτ )hµτ − hτµµρ
8π2
×
[
sν(L−R)
(
sνLsνRI3(µ
2
ρ, m˜
2
νL2
, m˜2νR2) + cνLcνRI3(µ
2
ρ, m˜
2
νL3
, m˜2νR3)
)
+ cν(L−R)
(
sνRcνLI3(µ
2
ρ, m˜
2
νL2
, m˜2νR2)− sνLcνRI3(µ2ρ, m˜2νL2, m˜2νR3)
)]
,
∆ρLf =−∆ρLe,
∆ρLk =
g′2
288π2
µρm
′sLcL
[
s2R
(
I3(m
′2, m˜2L2 , m˜
2
R2)− I3(m′2, m˜2L3, m˜2R2)
)
10
µ τ cρ˜′0ρ˜0λB
ρ0∗
l˜Lα
(a)
µ τ cρ˜′0ρ˜0λ3A
λ8A ρ0∗
l˜Lα
(b)
µ τ cρ˜′−1ρ˜
+
1W˜
−W˜+
ρ0∗
ν˜Lα
(c)
µ τ cρ˜′−2ρ˜
+
2Y˜
−Y˜ +
ρ0∗
ν˜Rα
(d)
µ τ cρ˜′−2ρ˜
+
2
ρ0∗
ν˜Lα ν˜Rβ
(e)
µ τ cρ˜′−1ρ˜
+
1
ρ0∗
ν˜Rα ν˜Lβ
(f)
τ µ
c
ρ˜′0 ρ˜0 λB
ρ0∗
l˜Rα
(i)
µ τ cλB
ρ∗0
l˜Lα l˜Rβ
(k)
τ µ
cλB
ρ∗0
l˜Lα l˜Rβ
(l)
Fig. 1. Diagrams contributing to ∆ρL [(a), (b), (c), (d), (e), (f), (k)] and ∆
ρ
R [(i), (l)].
+ c2R
(
I3(m
′2, m˜2L2, m˜
2
R3
)− I3(m′2, m˜2L3 , m˜2R3)
)]
. (38)
Also, the ∆ρR receives contributions from two diagrams (i) and (l) of Fig.1 too,
∆ρR=∆
ρ
Ri +∆
ρ
Rl, (39)
where
∆ρRi=−
g′2
72π2
µρm
′cRsR
[
I3(m
′2, µ2ρ, m˜
2
R2
)− I3(m′2, µ2ρ, m˜2R3)
]
,
∆ρRl =
g′2
288π2
µρm
′sRcR
[
s2L
(
I3(m
′2, m˜2L2 , m˜
2
R2
)− I3(m′2, m˜2L2 , m˜2R3)
)
+ c2L
(
I3(m
′2, m˜2L3 , m˜
2
R2
)− I3(m′2, m˜2L3, m˜2R3)
)]
(40)
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Here we have used some new notations
sν(L−R) ≡ sνLcνR − sνRcνL, cν(L−R) ≡ sνLsνR + cνLcνR, (41)
where sL, cL and sR, cR are deduced from mixing angles for left and right
handed sleptons (for details, see Appendix C.2). The same relations hold for
sneutrino sector, with corresponding notations for mixing angles sνL, sνR, cνL
and cνR. The function I3(x, y, z) is similar to that mentioned in literature [11],
I3(x, y, z) =
xy log(x/y) + yz log(y/z) + zx log(z/x)
(x− y)(y − z)(z − x) . (42)
The analytical results appearing in (38) show that contributions from two
diagrams (e) and (f) to the ∆ρL always are the same magnitude but opposite in
sign. Therefore the total contribution of these two diagrams to ∆ρL vanishes.
On the other hand, results obtained from the Eq.(38) show that if we neglect
the terms of the slepton mixing, namely sL = sR = sνL = sνR = 0, the
amounts collected from the ∆ρL,R class diagrams given in Fig. 1 are all zero.
This corresponds to the case of lepton flavor conservation: ∆ρL = ∆
ρ
R = 0.
We also remind that analytical expressions of other ∆ functions can be
found in Appendix A. These results demonstrate that the values ∆1ρµ ,∆
2ρ
µ and
∆ρτ given by expressions (A.1), (A.2) and (A.3) obtained at one loop approx-
imation, do not vanish even if we assume no mixing of the sleptons. These
quantities create non-negligible effects of the lepton masses. They are widely
discussed in many previous papers. Another feature of the SUSYE331 model
that we would like to remind here: there are two independent sources (Yukawa
coupling at tree level) to create masses of slepton and neutrino sectors. Hence,
contributions to LFV corrections come from two independent sources: mixing
of lepton and sneutrino sectors. We assume that the model contains both LFV
sources.
Before coming to numerical computation section, it is necessary to note that
the formulas of LFV corrections, such as ∆s in this case, have not been estab-
lished for the SUSYE331 model before. So let us give some general comments
on the formulas of ∆s which discriminate against those in MSSM versions:
• At the one loop approximation, the effective couplings ∆s are obtained from
the diagrams such as those listed in Figs. (A.1) and (A.2). We can distin-
guish two types of diagram which give contribution to ∆s. The first type of
diagram does not include any Higgsino propagators, for example Fig. 1 (k)
and (l), and they are known as pure gaugino-mediated diagrams. The sec-
ond, containing at least one Higgsino propagator like remaining diagrams, is
Higgsino-mediated type. In general case, each of these kinds of diagram may
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give main contribution to the ∆s depending on regions of mass parameter
space. If each Higgsino-mediated diagram gives the dominated contribution
to ∆s that reach single maximum value. In contrast, each ∆ that gains
values from pure gaugino-mediated diagrams, ∆ρLk for example, is propor-
tional to |µρ|. Additionally, we can see the analytic expressions of ∆s given
in (38), (40) and Appendix A. It is well known in beyond MSSM theories
[10], all of effective couplings ∆s are obtained from both types of diagrams,
except ∆′µ. In the limit of large values of |µρ|, the dominated contributions
of ∆s are caused by pure gaugino-mediated diagrams. This conclusion also
is happened in the SUSYE331. However, in the SUSYE331, there are the
additional SU(3)L gaugino-mediated diagrams. Hence the values of ∆
ρ
L can
be changed in comparison with other models. Details of this difference are
discussed in section 4.
• The difference between the predictions of the model under consideration
and other ones due to hypercharge structure of particle content. For ex-
ample, let us compare our expressions of ∆s with those of ∆s in MSMS
[10]. All contributions to the ∆s obtained from Fig.1, are proportional to I3
functions. Rate coefficients in both models are the same level for diagrams
of Higgsino-mediated type whereas the rate coefficients in the model un-
der consideration are smaller than that in the MSSM model for diagrams
of pure gaugino-mediated type. As a consequence, the large contribution
to the ∆s from the pure gaugino-mediated type will happen if mass pa-
rameters are large. Furthermore, in this limit of mass parameters, the pure
gaugino-mediated diagrams are the only source giving contribution to ra-
diative corrections ∆2ρµ of muon mass. It is nature to keep the ratio Yτ/Yµ,
at one loop correction, to be the same as those at tree level. This leads to
the limit of the mass parameters, which does not exceed 10 TeV .
In the next section we will investigate some numerical results. On that basis,
we will compare the effects of the LFV origin in the left- and right-slepton
sectors as well as sneutrino sectors. In order to investigate numerically, we
are going to use results from [25] such as: g′/g = 3
√
2sW√
4c2
W
−1 , s
2
W = 0.2312 and
α−1em = 128 at the weak scale.
4 Numerical results
In this section we firstly discuss some numerical results that relate to any
signals of LFV decays H → µτ . Let us start with the maximum LFV in both
left and right sectors, especially sLcL = sRcR = sνLcνL = sνRcνR = 0.5. It
means that we can assign values of mass parameters like:
13
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Fig. 2. |∆ρR|2 as a function of |µρ|/m˜R with four different choices of masses ratios:
1) blue curve–m′ = m˜R = m˜L ; 2) green curve–3m′ = m˜R = m˜L ; 3) yellow curve-
m′ = m˜R = 3m˜L; 4) red curve–m′ = m˜R = m˜L/3. Two black lines correspond to
two values 10−5 and 10−3 of |50∆ρR|2 .
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Fig. 3. |∆ρL|2 as a function of |µρ|/m˜L with four different choices of masses ratios:
1) blue curve–m′ = m˜R = m˜L ; 2) green curve–3m′ = m˜R = m˜L ; 3) yellow curve–
m′ = m˜L = 3m˜R; 4) red curve–m′ = m˜L = m˜R/3. A black line corresponds to value
10−3 of |50∆ρL|2.
m˜2(τL,τR,ντL ,ντR)
= m˜2(µL,µR,νµL ,νµR)
= m˜2L,R,νL,νR,
m˜2(L2,R2,νL2 ,νR2)
=0.2 m˜2L,R,νL,νL
and
m˜2(L3,R3,νL3 ,νR3)
= 1.8 m˜2(L,R,νL,νR),
where m˜2(L,R,νL,νR) are mass parameters used to compare with SUSY mass scale
mSUSY . We would like to emphasize that branching ratios of Higgs decays to
muon and tauon are sizable if tan γ is large enough. Therefore, in the following
calculations, we take tan γ ∼ 50.
The Fig.2 displays the quantity |50∆ρR|2 as a function of |µρ|/m˜R while Fig.3
displays the |50∆ρL|2 as a function of |µρ|/m˜L where all other relevant parame-
ters are fixed. Each curve presented in Figs.2, 3 contains a single peak. All the
peaks of the curves are obtained at mass parameters at which the contribution
of the Higgs-mediated diagrams to ∆s are dominated. Corresponding to each
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curve, there are two regions of mass parameter space separated by deep wells.
Deep wells, which divide the parameter space into two parts. The first part,
the mass parameters are located in the right hand side of deep wells. In this
region of parameter space,the pure gaugino-mediated type can give main con-
tribution to ∆s. The second part, the mass parameters are located in the left
handed side of deep wells at which the dominated contribution to ∆s is ob-
tained by the Higgs-mediated. All of the maximum points of the curves in the
Fig.2 and Fig.3 are reached at |µρ|/m˜L,R ∼ O(10−1) and these values depend
weekly on the changes of values of m˜L and m˜R. On the other hand, the max-
imum values of the ∆ρL is O(10−3), as concerned in the MSSM [10,12,18,29]
while the maximum values of the ∆ρR are much smaller than those of ∆
ρ
L,
specifically max(|∆ρR|)2/max(|∆ρL|)2 ∼ 10−3. This large difference comes from
the symmetry of SU(3)L×U(1)X model. In particular, in the left side of wells
the main contributions to ∆ρL of SUSYE331 model come from the SU(3)L
gaugino-mediated diagrams, namely diagrams ((b), (c), (d)) in Fig.1. In con-
trast, the main contributions to ∆ρR come from only U(1) gaugino-mediated
diagram. Figs.2 and 3 also show that both ∆ρL and ∆
ρ
R are very sensitive
with the changes of m˜L and m˜R. More details, Fig.4 draws the dependence of
|∆ρR|2/|∆ρL|2 on |µρ|/m˜L, where m′ = mλ = m˜L ≡ mSUSY and four different
fixed values of m˜R. The maximal and minimal values of the ratio |∆ρR|2/|∆ρL|2
on all the curves in Fig.4 have the same value at different values of |µρ|/m˜SUSY .
In the parameter region where the Higgs-mediated diagrams give dominated
contribution to ∆s, the ratio |∆ρR|2/|∆ρL|2 is very small (< 10−3). But in the
remaining parameters, that ratio is increased. In the limit |µρ|/m˜SUSY ≥ 30,
the ratio |∆ρR|2/|∆ρL|2 reaches a constant value. More general, we can investi-
gate the influence of m˜R/m˜L on the ratio |∆ρR|2/|∆ρL|2 through contour plots
drawn in Fig.5. On the drawing results showed that |∆ρR|2/|∆ρL|2 ≤ O(10−2)
whenever |µρ|/mSUSY ≤ 5 and that ratio does not depend too much on the
ratio m˜R/m˜L. However, in the limit |µρ|/mSUSY ≥ 7 and m˜R < 0.5m˜L, the
ratio |∆ρR|2/|∆ρL|2 changes very rapidly if small changes m˜L and m˜R. It means
that chirality effects of phenomena relating with ∆ρL and ∆
ρ
R are sensitive with
the change of ratio m˜R/m˜L at large values of µρ. On the other hand, the left
picture in Fig.5 indicates that when the ratio |µρ|/mSUSY ≥ 7, it will exist
in some regions of parameter space of m˜R, m˜L at which the contributions of
left- and right-lepton sectors into the H → µτ decay process are of the same
order. In this case, the pure gaugino-mediated diagrams give the dominated
contribution to both ∆ρL and ∆
ρ
R, and also ∆
2ρ
µ ( see (A.2) in Appendix A). Re-
calling that large values of ∆2ρµ can strongly affect directly on the ratio Yµ/Yτ .
The results presented in Fig.5 again confirm that whenever |µρ|/mSUSY ≥ 7
and m˜R < 0.5m˜L, the right-lepton sector gives dominated contribution to the
branching ratio of H → µτ decay process.
Now we investigate more details the region of parameter space where Higgsino-
mediated diagrams give a dominated contribution. In this region of parame-
ter space, both ∆2ρµ and ∆
ρ
R are much smaller than ∆
ρ
L so we just focus on
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Fig. 4.
|∆ρ
R
|2
|∆ρ
L
|2 as a function of |µρ|/m˜L with four different choices of masses ratios:
1) blue curve-m′ = m˜R = m˜L ; 2) green curve-3m′ = m˜R = m˜L ; 3) yellow curve-
m′ = m˜L = 3m˜R; 4) red curve-m′ = m˜L = m˜R/3. A black line in the left side of
figure corresponding to the value
|∆ρ
R
|2
|∆ρ
L
|2 equals 1. Both black lines in the right side
of figure presenting
|∆ρ
R
|2
|∆ρ
L
|2 are 2× 10−3 and 0.1.
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Fig. 5. Contour plot of
|∆ρ
R
|2
|∆ρ
L
|2 , m˜R/m˜L vs |µρ|/mSUSY , where m˜R = m˜νR,
m′ = mλ = m˜L = m˜νL = mSUSY . The red region corresponds to the values of
|∆ρ
R
|2
|∆ρ
L
|2 ≥ 0.5.
∆ρL. From Fig.6, we can estimate the ratio of Br(H → µτ)/Br(H → ττ)
that can reach the order of 10−3 in the limit 0.1 ≤ |µρ|/MSUSY ≤ 6 and
0.1 ≤ |m˜g|/MSUSY ≤ 7 where m˜g is mass of gauginos. Let us briefly review
the decay properties of neutral Higgs bosons in the SUSYE331 model. At the
tree level, the couplings of neutral Higgs bosons to up-fermions, down-fermion
are modified with respect to the SM coupling by factors which are given in
Table 1.
We assume that all exotic quarks have masses heavier than that of all neutral
Higgses. It means that the neutral Higgs cannot decay into the exotic quarks.
The neutral Higgs bosons may decay mainly into the pairs of fermions. This
prediction depends on the mass of the neutral Higgs. For neutral Higgs ϕSa36,
its mass depends on the vacuum expectation values v, v′. So it should be
predicted SM Higgs with mass smaller than about 130 GeV. Decay of ϕSa36
to bb and ττ are dominated, the branching ratios of 90 percent and 8 per-
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Fig. 6. Contour plot of BR(H → µτ)/BR(H → ττ), m˜g vs |µρ|/mSUSY ,
where m′ = mλ = m˜g and m˜R = m˜νR = m˜L = m˜νL = mSUSY . In
the left picture, the green and yellow regions correspond to the values of
BR(H → µτ)/BR(H → ττ) ≥ O(10−3) .
Table 1
Coupling of neutral Higgs bosons to fermion.
Particles Up-fermion Down-fermion Exotic up-quark Exotic down-quark
SM Higgs 1 1 0 0
ϕSa36 cα cα sα/sγ cα/sγ
φSa36 sα sα cα sα
cent, respectively. Combined with the results in Fig.6, the branching ratio
Br(ϕSa36 → µτ) is 8× 10−3 percent. This may be a good signification of new
physics in the present limits of colliders. For neutral Higgs φSa36, it is heavy
Higgs, the main productions of decay are the the gauge bosons such asW+W−,
ZZ,...Hence, the branching ratio φ → µτ is very suppressed. We would like
to note that the effective interactions of the muon, tauon and Higgs given in
(35) not only leads to the LFV of Higgs decay process, but also affects the
other physical processes with lepton-flavor violations. Some of these processes
which are looked seriously by present experiments are, for instance, τ → µµµ
and τ → µγ. Let us apply the effective couplings given in (35) to the τ → µµµ
decay process. In a general way-regardless of the model, the general effective
Lagrangian describing decay of τ → µµµ was studied in [30]. However, in
this work we focus on the effect of the Higgs-mediated LFV interactions on
the τ → µµµ decay process. Hence, the four dimensional effective Lagrangian
which is built through Higgs exchange is formulated by
Leffτµµµ=−2
√
2GFmµmτ tan γ
(
s2α
m2φSa36
+
c2α
m2ϕSa36
)
(µcµ+ µ¯µ¯c)
× (∆ρLτ cµ+∆ρRµcτ) + H.c.. (43)
We would like to remind that the decay process of τ → µµµ were investigated,
by [11,30] for examples, in a general model-independent way. The predicted
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results show that when Higgs exchange effects are much smaller than other
ones, the ratio Br(τ → 3µ)/BR(τ → µγ) becomes constant with a value
∼ O(10−3). Now, we will discuss in more details whether Higgs-mediated
effects can make any significations to the ratio Br(τ → 3µ)/BR(τ → µγ) in
the SUSYE331 model. We can divide our results into two cases, namely φ∗Sa36
and ϕ∗Sa36 Higgs-mediated effects. The results can be written in two respective
forms:
BR(τ− → µ−µ+µ−)φ∗
Sa36
=
1
8
tan2 γ
m2µm
2
τ
m4φSa36
s4α
(
|∆ρL|2 + |∆ρR|2
)
≃ 7× 10−11
(
tan γ
40
)2 (100GeV
mφSa36
)4
×
( |∆ρL|2 + |∆ρR|2
10−3
)
s4α
(44)
and
BR(τ− → µ−µ+µ−)ϕ∗
Sa36
=
1
8
tan2 γ
m2µm
2
τ
m4ϕSa36
c4α
(
|∆ρL|2 + |∆ρR|2
)
≃ 7× 10−11
(
tan γ
40
)2 (100GeV
mϕSa36
)4
×
( |∆ρL|2 + |∆ρR|2
10−3
)
c4α. (45)
These results immediately lead to a consequence: the maximum contribution
of Higgs exchange processes can be estimated through the formula:
BR(τ− → µ−µ+µ−)H∗ ≃ 7× 10−11
(
tan γ
40
)2 (100GeV
mH
)4
×
( |∆ρL|2 + |∆ρR|2
10−3
)
. (46)
The values of the branching ratios decrease rapidly corresponding to the en-
hancement of Higgs masses . We stress that in the model under consideration,
the ϕSa36 is identified with the SM Higgs boson and the remain, φSa36 , is heavy
one. Overall, in our model, the SM Higgs-mediated gives larger contribution
to the branching ratio of the τ → µµµ decay process than that of heavy Higgs.
That kind of branching increases if the tan γ increases. The branching ratio
estimated in (46) is ≃ 10−11 in the limit of tan γ ≃ 50 and the Higgs mass
is of the order of 100 GeV. However, the branching ratio of τ → µµµ can be
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reached at the present limits of experiment BR(τ− → µ−µ+µ−) ≤ 3.2× 10−8
[31]. It means that the contribution to τ → µµµ is suppressed in the limit
of tan γ ≃ 50. This result is different from that predicted in the MSSM
model [16,10,11]. In particular, for the MSSM, the dominant contributions
to BR(τ → µµµ) are induced by the dipole term and the Higgs-mediated
term at the limit tan β = 50, mA = 100 GeV.
Because of sub-dominated contribution of Higgs-mediated to BR(τ → µµµ),
the dominated contribution to that branching ratio is still obtained from the
photon-penguin couplings. This result leads to the values of well-known ratios
such as
Br(τ → 3µ)
BR(τ → µγ) ≃ O(10
−3) (47)
The predicted result is the concerned result given in [16,11,30,32].
We emphasize that in the SUSYE331 model, in order to get the dominated
contribution to the B(τ → µµµ), the values of tan γ must be 102. In this limit
of tan γ, the result given in (47) is not holden.
5 Conclusions
In this paper, we have studied the LFV interactions of Higgs bosons in the
SUSYE331 model. We have the unique existence of the lepton-number viola-
tion in the slepton sector at the tree level. On the basis of this assumption
we have examined the lepton-number violating interactions of Higgs bosons
at the one-loop level. Specially we have concentrated our study on the LFV
couplings of Higgs bosons with muon and tauon. The analytical expressions
of the effective Higgs-muon-tauon couplings are established at the one-loop
level. One of the features is that the model does not contain the LFV interac-
tions of neutral pseudo-scalar Higgs bosons. For the neutral Higgs scalars, the
model contains two types of radiative interactions that violate lepton number,
namely, φSa36µτ and ϕSa36µτ . These effective couplings depend on ratios of
SUSY mass parameters and tan γ. There is an exactly similar to the other
SUSY models, all LFV couplings are built from two types of diagrams as
Higgs-mediated diagrams and pure gaugino-mediated ones. Depending on the
SUSY parameters, each type of diagram gives the main contribution to LFV
couplings. In this work, we have also studied the branching ratio of the neu-
tral Higgs decay into muon and tauon. In the limit |µρ|/mSUSY ≤ 7, the ratio
of BR(H → τµ)/BR(H → ττ) in this region can reach values that can be
observed by near future experiments and the contributions from both left and
right LFV sectors to Br(H → µτ) are of the same order. Outside this region
19
the effects of left and right LFV terms mix in different ways in different re-
gions of mass parameter space. We predicted that for the SM Higgs boson,
LHC may detect the decay of SM Higgs boson to muon and tauon. For heavy
Higgs bosons, the branching of LFV decay is very suppressed. We have also
studied the contribution of Higgs exchange to decay H → 3µ. In the limit
tan γ = 50, the Br(H → 3µ) is very small, out of direct detection of present
searching of experiment and it leads to predicted results such as the ratio of
BR(τ → 3µ)/BR(τ → µγ).
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A Analytic formulas and diagrams contributing to ∆s
Let us write down all expressions of ∆s given as following
∆1ρµ =−
g′2
108π2
µρm
′ [c2LI3(m′2, µ2ρ, m˜2L2) + s2LI3(m′2, µ2ρ, m˜2L3)]
− g
2
24π2
µρmλ
[
c2LI3(m
2
λ, µ
2
ρ, m˜
2
L2) + s
2
LI3(m
2
λ, µ
2
ρ, m˜
2
L3)
]
− g
2
16π2
µρmλ
[
c2νLI3(m
2
λ, µ
2
ρ, m˜
2
νL2
) + s2νLI3(m
2
λ, µ
2
ρ, m˜
2
νL3
)
]
− g
2
16π2
µρmλ
[
c2νRI3(m
2
λ, µ
2
ρ, m˜
2
νR2
) + s2νRI3(m
2
λ, µ
2
ρ, m˜
2
νR3
)
]
+
Yνµτ (hµτ − hτµ)µρ
8π2
×
[
s2ν(L−R)
(
I3(µ
2
ρ, m˜
2
νL2
, m˜2νR2) + I3(µ
2
ρ, m˜
2
νL3
, m˜2νR3)
)
+ c2ν(L−R)
(
I3(µ
2
ρ, m˜
2
νL3
, m˜2νR2) + I3(µ
2
ρ, m˜
2
νL2
, m˜2νR3)
)]
+
g′2
288π2
µρm
′ [c2L (c2RI3(m′2, m˜2L2 , m˜2R2) + s2RI3(m′2, m˜2L2 , m˜2R3))
+ s2L
(
c2RI3(m
′2, m˜2L3 , m˜
2
R2
) + s2RI3(m
′2, m˜2L3, m˜
2
R3
)
)]
. (A.1)
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∆2ρµ =
g′2
288π2
µρm
′sLcLsRcR
[
I3(m
′2, m˜2L2, m˜
2
R2
)− I3(m′2, m˜2L2 , m˜2R3)
− I3(m′2, m˜2L3 , m˜2R2) + I3(m′2, m˜2L3 , m˜2R3)
]
. (A.2)
∆ρτ =−
g′2
108π2
µρm
′ [s2LI3(m′2, µ2ρ, m˜2L2) + c2LI3(m′2, µ2ρ, m˜2L3)]
− g
2
24π2
µρmλ
[
s2LI3(m
2
λ, µ
2
ρ, m˜
2
L2
) + c2LI3(m
2
λ, µ
2
ρ, m˜
2
L3
)
]
− g
2
16π2
µρmλ
[
s2νLI3(m
2
λ, µ
2
ρ, m˜
2
νL2
) + c2νLI3(m
2
λ, µ
2
ρ, m˜
2
νL3
)
]
− g
2
16π2
µρmλ
[
s2νRI3(m
2
λ, µ
2
ρ, m˜
2
νR2
) + c2νRI3(m
2
λµ
2
ρ, m˜
2
νR3
)
]
+
Yνµτ (hµτ − hτµ)µρ
8π2
×
[
s2ν(L−R)
(
I3(µ
2
ρ, m˜
2
νL2
, m˜2νR2) + I3(µ
2
ρ, m˜
2
νL3
, m˜2νR3)
)
+ c2ν(L−R)
(
I3(µ
2
ρ, m˜
2
ν3L
, m˜2νR2) + I3(µ
2
ρ, m˜
2
νL2
, m˜2νR3)
)]
+
g′2
288π2
µρm
′ [s2L (s2RI3(m′2, m˜2L2, m˜2R2) + c2RI3(m′2, m˜2L2 , m˜2R3))
+ c2L
(
s2RI3(m
′2, m˜2L3, m˜
2
R2) + c
2
RI3(m
′2, m˜2L3 , m˜
2
R3)
)]
. (A.3)
∆1ρ
′
µ =
Y 2νµτ
4π2
µ2ρ
[
s2ν(L−R)
(
I3(µ
2
ρ, m˜
2
νL2
, m˜2νR2) + I3(µ
2
ρ, m˜
2
νL3
, m˜2νR3)
)
+ c2ν(L−R)
(
I3(µ
2
ρ, m˜
2
νL2
, m˜2νR3) + I3(µ
2
ρ, m˜
2
νL3
, m˜2νR2)
)]
. (A.4)
∆2ρ
′
µ =
g′2m′
144π2
×
[
h′µcLcR + h
′
τsLsR + h
′
µτ cLsR + h
′
τµsLcR
Yτ
cLcRI3(m
′2, m˜2L2, m˜
2
R2)
+
h′µsLsR + h
′
τcLcR − h′µτsLcR − h′τµcLsR
Yτ
sLsRI3(m
′2, m˜2L3 , m˜
2
R3)
− −h
′
µsLcR + h
′
τcLsR − h′µτsLsR + h′τµcLcR
Yτ
sLcRI3(m
′2, m˜2L3 , m˜
2
R2
)
− −h
′
µcLsR + h
′
τsLcR + h
′
µτ cLcR − h′τµsLsR
Yτ
cLsRI3(m
′2, m˜2L2 , m˜
2
R3
)
]
.
(A.5)
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∆ρ
′
τ =∆
1ρ′
µ +
g′2m′
144π2
×
[
h′µcLcR + h
′
τsLsR + h
′
µτ cLsR + h
′
τµsLcR
Yτ
sLsRI3(m
′2, m˜2L2 , m˜
2
R2
)
+
h′µsLsR + h
′
τ cLcR − h′µτsLcR − h′τµcLsR
Yτ
cLcRI3(m
′2, m˜2L3 , m˜
2
R3
)
+
−h′µsLcR + h′τcLsR − h′µτsLsR + h′τµcLcR
Yτ
cLsRI3(m
′2, m˜2L3 , m˜
2
R2
)
+
−h′µcLsR + h′τsLcR + h′µτ cLcR − h′τµsLsR
Yτ
sLcRI3(m
′2, m˜2L2 , m˜
2
R3)
]
(A.6)
In the case of ∆ρ
′
L , it also receives contributions from two diagrams (similar to
diagrams (e) and (f) in Fig.1 ) which cancel each other. Therefore we do not
repeat them in Figs.and A.3 and A.4 . Formula of ∆ρ
′
L then is
∆ρ
′
L =
g′2m′
144π2
×
[
h′µcLcR + h
′
τsLsR + h
′
µτ cLsR + h
′
τµsLcR
Yτ
cLsRI3(m
′2, m˜2L2 , m˜
2
R2
)
− h
′
µsLsR + h
′
τ cLcR − h′µτsLcR − h′τµcLsR
Yτ
sLcRI3(m
′2, m˜2L3 , m˜
2
R3
)
− −h
′
µsLcR + h
′
τcLsR − h′µτsLsR + h′τµcLcR
Yτ
sLsRI3(m
′2, m˜2L3 , m˜
2
R2
)
+
−h′µcLsR + h′τsLcR + h′µτ cLcR − h′τµsLsR
Yτ
cLcRI3(m
′2, m˜2L˜2 , m˜
2
R˜3
)
]
.
(A.7)
∆ρ
′
R =
g′2m′
144π2
×
[
h′µcLcR + h
′
τsLsR + h
′
µτ cLsR + h
′
τµsLcR
Yτ
sLcRI3(m
′2, m˜2L2 , m˜
2
R2)
− h
′
µsLsR + h
′
τ cLcR − h′µτsLcR − h′τµcLsR
Yτ
cLsRI3(m
′2, m˜2L3 , m˜
2
R3)
+
−h′µsLcR + h′τcLsR − h′µτsLsR + h′τµcLcR
Yτ
cLcRI3(m
′2, m˜2L3 , m˜
2
R2
)
− −h
′
µcLsR + h
′
τsLcR + h
′
µτ cLcR − h′τµsLsR
Yτ
sLsRI3(m
′2, m˜2L2 , m˜
2
R3
)
]
.
(A.8)
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µ µc
(τ) (τ c)
ρ˜′0ρ˜0λB
ρ0∗
l˜Lα
(a)
µ µc
(τ) (τ c)
ρ˜′0ρ˜0λ3A
λ8A ρ0∗
l˜Lα
(b)
µ µc
(τ) (τ c)
ρ˜′−1ρ˜
+
1W˜
−W˜+
ρ0∗
ν˜Lα
(c)
µ µc
(τ) (τ c)
ρ˜′−2ρ˜
+
2Y˜
−Y˜ +
ρ0∗
ν˜Rα
(d)
µ µc
(τ) (τ c)
ρ˜′−2ρ˜
+
2
ρ0∗
ν˜Lα ν˜Rβ
(e)
µ µc
(τ) (τ c)
ρ˜′−1ρ˜
+
1
ρ0∗
ν˜Rα ν˜Lβ
(f)
µ µc
(τ) (τ c)
ρ˜′0 ρ˜0 λB
ρ0∗
l˜Rα
(i)
Yµ(τ)
µ µcλB
ρ∗0
l˜Lα l˜Rβ
(k)
(τ) (τ c)
Fig. A.1. Diagrams contributing to ∆1ρµ ( or ∆
ρ
τ ).
Yτ
µ µcλB
ρ0∗
l˜Lα l˜Rβ
Fig. A.2. Diagram contributing to ∆2ρµ .
B Lagrangian
We have denoted by fL,R(f¯
c
L,R) two component spinor of the generic mat-
ter left-handed and right-handed fermion, respectively. The f˜L(f˜
c
L) are their
superpartners which satisfy (f¯ cL = (fR)
†T , f˜ cL = f˜
∗
R). The four-component
Dirac spinor can be represented through two-component spinor such as: µ ≡
(µL, µR) = (µL, µ¯
c
L) and µ˜ ≡ (µ˜L, µ˜R) = (µ˜L, µ˜c∗L ). We also emphasize
that three-left handed leptons contained in the triplet LaL of SU(3)L are
(fa1L, fa2L, fa3L):
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µ µc
(τ) (τ c)
ρ˜′−2ρ˜
+
2
ρ′0
ν˜Lα ν˜Rβ
(a)
µ µc
(τ) (τ c)
ρ˜′−1ρ˜
+
1
ρ′0
ν˜Rα ν˜Lβ
(b)
µ µc
(τ) (τ c)
λB
ρ′0
l˜Lα l˜Rβ
(c)
Fig. A.3. Diagrams contributing to ∆1ρ
′
µ [(a), (b)], ∆
2ρ′
µ [(c)] ( or ∆
ρ′
τ [(a), (b), (c)]).
µ τ cλB
ρ′0
l˜Lα l˜Rβ
(a)
τ µ
cλB
ρ′0
e˜Lα e˜Rβ
(b)
Fig. A.4. Diagrams contributing to ∆ρ
′
L [(a)] and ∆
ρ′
R [(b)].
fa1L ∈{νeL, νµL, ντL} ≡ {ν1L, ν2L, ν3L},
fa2L ∈{eL, µL, τL},
fa3L ∈{νceL, νcµL, νcτL} ≡ {νc1L, νc2L, νc3L} ≡ {(νc1)L, (νc2)L, (νc3)L} (B.1)
while f caL is singlet under SU(3)L. Conventions for two component spinors
used in our paper are the same as those given in [11] except the lower index
L, which is used to distinguish between Dirac spinors f and left-handed Weyl
spinors fL.
Next, let us find the interactional vertices relating with our calculation. We
start to collect related terms from the Lagrangian given in [23,33] into the
following ones:
(1) Gaugino and Higgsino mass terms:
Lgh=−
[
1
2
mλ
8∑
b=1
(
λbAλ
b
A
)
+
1
2
m′λBλB + µχχ˜χ˜′ + µρρ˜ρ˜′
]
+H.c.
=−1
2
m′λBλB −mλW˜+W˜− − 1
2
mλλ
3
Aλ
3
A
−mλY˜ ′+Y˜ ′− −mλX˜0∗X˜0 − 1
2
mλλ
8
Aλ
8
A − µχ
(
χ˜01χ˜
′0
1 + χ˜
−χ˜′+ + χ˜02χ˜
′0
2
)
−µρ
(
ρ˜+1 ρ˜
′−
1 + ρ˜
0ρ˜′0 + ρ˜+2 ρ˜
′−
2
)
+H.c.. (B.2)
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where
W˜±≡ 1√
2
(λ1A ∓ iλ2A), Y˜ ± ≡
1√
2
(λ6A ± iλ7A),
X˜ ≡ 1√
2
(λ4A + iλ
5
A), X˜
∗ ≡ 1√
2
(λ4A − iλ5A) (B.3)
where we have used the results of mass eigenstate states for Higgsinos
and gauginos given in [24] and [26].
(2) Fermion-sfermion-gaugino interaction terms:
Lll˜V˜ =−
ig′√
3
[
−1
3
(L¯L˜λ¯B − L˜†LλB) + (l¯c l˜cλ¯B − l˜c∗lcλB)
]
− ig√
2
(L¯λiL˜λ¯iA − L˜†λiLλiA), (B.4)
where i = 1, 2, ..., 8 is a color index and L ≡ (L1L, L2L, L3L)T , L˜ ≡
(L˜1L, L˜2L, L˜3L)
T , l¯c = (l1R, l2R, l3R)
T ≡ (l¯c1L, l¯c2L, l¯c3L)T ≡ (eR, µR, τR)T ≡
(e¯cL, µ¯
c
L, τ¯
c
L)
T , and l˜c = (l˜∗1R, l˜
∗
2R, l˜
∗
3R)
T ≡ (e˜∗R, µ˜∗R, τ˜ ∗R, )T . In this
paper we just focus on interactions relating with two fermions, namely
laL = {µL, τL}. All interested terms are given as
Lll˜V˜ =
[
µ¯L
(
ig′
3
√
3
λ¯B +
ig√
2
(λ¯3A −
1√
3
λ¯8A)
)
µ˜L
− µL
(
ig′
3
√
3
λB +
ig√
2
(λ3A −
1√
3
λ8A)
)
µ˜∗L
− ig
′
√
3
(µ¯cLµ˜
c
Lλ¯B − µcLµ˜c∗L λB) +
ig√
2
(
µ¯Lµ˜Lλ¯
3
A − µ˜∗LµLλ3A
)
+
ig√
2
(
µ¯Lµ˜Lλ¯
8
A − µ˜∗LµLλ8A
)
− ig
(
(µ¯LW˜
+
ν˜µL − µLW˜+ν˜∗µL) + (µ¯LY˜
+
ν˜cµL − µLY˜ +ν˜c∗µL)
)]
+ [µ→ τ ]. (B.5)
From this, we list the related vertices in Table B.1
(3) Higgs-Higgsino-gaugino:
LHH˜V˜ =−
ig′√
3
[
−1
3
(¯˜χχλ¯B − χ†χ˜λB) + 1
3
(¯˜χ
′
χ′λ¯B − χ′†χ˜′λB)
+
2
3
(¯˜ρρλ¯B − ρ†ρ˜λB)− 2
3
(¯˜ρ
′
ρ′λ¯B − ρ′†ρ˜′λB)
]
− ig√
2
[
¯˜ρλaρλ¯aA − ρ†λaρ˜λaA + ¯˜χλaχλ¯aA − χ†λaχ˜λaA
− ¯˜ρ′λ∗aρ′λ¯aA + ρ′†λ∗aρ˜′λaA − ¯˜χ′λ∗aχ′λ¯aA + χ′†λ∗aχ˜′λaA
]
(B.6)
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Vertex Factor Vertex Factor
µ¯Lλ¯Bµ˜L − g
′
3
√
3
µLλBµ˜
∗
L
g′
3
√
3
µ¯cLµ˜
c
Lλ¯B
g′√
3
µcLµ˜
c∗
L λB
−g′√
3
µ¯Lµ˜Lλ¯
3
A
−g√
2
µ˜∗LµLλ
3
A
g√
2
µ¯Lµ˜Lλ¯
8
A
g√
6
µ˜∗LµLλ
8
A
−g√
6
µ¯LW˜
+
ν˜µL g µLW˜
+ν˜∗µL −g
µ¯LY˜
+
ν˜cµL g µLY˜
+ν˜c∗µL −g
τ¯Lλ¯B τ˜L − g
′
3
√
3
τLλB τ˜
∗
L
g′
3
√
3
τ¯ cLτ˜
c
Lλ¯B
g′√
3
τ cLτ˜
c∗
L λB
−g′√
3
τ¯Lτ˜Lλ¯
3
A
−g√
2
τ˜∗LτLλ
3
A
g√
2
τ¯Lτ˜Lλ¯
8
A
g√
6
τ˜∗LτLλ
8
A
g
−√6
τ¯LW˜
+
ν˜τL g τLW˜
+ν˜∗τL −g
τ¯LY˜
+
ν˜cτL g τLY˜
+ν˜c∗τL −g
Table B.1
Vertices of lepton-slepton-gaugino interaction at tree level.
Vertices of neutral Higgs-Higgsino-gaugino interactions are shown in table
B.2
(4) Yukawa interaction terms:
Lll˜H˜ =−
λ1ab
3
(
LaLρ˜
′ l˜cbL + L˜aLρ˜
′lcbL
)
− λ3ab
3
(
LaLρ˜L˜bL + L˜aLρ˜LbL
)
,
(B.7)
LllH =−λ1ab
3
LaLl
c
bLρ
′ − λ3ab
3
ǫαβγ(LaL)α(LbL)β(ρ)γ +H.c.. (B.8)
Our work needs only terms which include leptons µ or τ , such as:
Lll˜H˜ =−
λ1ab
3
[
laLρ˜
′0 l˜cbL + (ν˜aLρ˜
′−
1 + l˜aLρ˜
′0 + ν˜caLρ˜
′−
2 )l
c
bL
]
− λ3ab
3
[
laLρ˜
+
2 ν˜bL − laLρ˜+1 ν˜cbL + ν˜caLρ˜+1 lbL − ν˜aLρ˜+2 lbL
]
, (B.9)
From now we just note that because the conversation of lepton flavor
in the lepton sector at tree level then λ1ab = 0 with a 6= b and λ3cd = 0
with c = d. For simplicity, we use new notations: Ye ≡ λ111/3, Yµ ≡
λ122/3, Yτ ≡ λ133/3 and Yνeµ ≡ λ312/3, Yνµτ ≡ λ323/3, Yνeτ ≡ λ313/3.
Eq.(B.9) now can be written in the common form:
Lll˜H˜ =−Yµ
[
µLµ˜
c
Lρ˜
′0 + (ν˜µLρ˜
′−
1 + µ˜Lρ˜
′0 + ν˜cµLρ˜
′−
2 )µ
c
L
]
−Yτ
[
τLτ˜
c
Lρ˜
′0 + (ν˜τLρ˜′−1 + τ˜Lρ˜
′0 + ν˜cτLρ˜
′−
2 )τ
c
L
]
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Table B.2
Vertices of the neutral Higgs-Higgsino-gaugino interactions.
Vertex Factor Vertex Factor
¯˜χ
0
1χ
0
1λ¯B
−g′
3
√
3
χ˜01χ
0†
1 λB
g′
3
√
3
¯˜χ
0
2χ
0
2λ¯B
−g′
3
√
3
χ˜02χ
0†
2 λB
g′
3
√
3
¯˜χ
0
1χ
0
1λ¯
3
A
g√
2
χ˜01χ
0†
1 λ
3
A
−g√
2
¯˜χ
0
1χ
0
1λ¯
8
A
g√
6
χ˜01χ
0†
1 λ
8
A
−g√
6
¯˜χ
0
2χ
0
2λ¯
8
A
−g√2√
3
χ˜02χ
0†
2 λ
8
A
g
√
2√
3
¯˜χ
′0
1 χ
′0
1 λ¯B
g′
3
√
3
χ˜′01 χ
′0†
1 λB
−g′
3
√
3
¯˜χ
′0
2 χ
′0
2 λ¯B
g′
3
√
3
χ˜′02 χ
′0†
2 λB
−g′
3
√
3
¯˜χ
′0
1 χ
′0
1 λ¯
3
A
−g√
2
χ˜′01 χ
′0†
1 λ
3
A
g√
2
¯˜χ
′0
1 χ
′0
1 λ¯
8
A
−g√
6
χ˜′01 χ
′0†
1 λ
8
A
g√
6
¯˜χ
′0
2 χ
′0
2 λ¯
8
A
g
√
2√
3
χ˜′02 χ
′0†
2 λ
8
A
−g√2√
3
¯˜ρ
0
ρ0λ¯B
2g′
3
√
3
ρ˜0ρ0†λB −2g
′
3
√
3
¯˜
ρ0ρ0λ¯3A
−g√
2
ρ˜0ρ0†λ3A
g√
2
¯˜ρ
0
ρ0λ¯8A
g√
6
ρ˜0ρ0†λ8A
−g√
6
¯˜ρ
′0
ρ′0λ¯B −2g
′
3
√
3
ρ˜′0ρ′0†λB 2g
′
3
√
3
¯˜
ρ′0ρ′0λ¯3A
g√
2
ρ˜′0ρ′0†λ3A
−g√
2
¯˜ρ
′0
ρ′0λ¯8A
−g√
6
ρ˜′0ρ′0†λ8A
g√
6
¯˜χ
− ¯˜W
+
χ01 g χ
0∗W˜+χ˜− -g
¯˜χ
− ¯˜Y
+
χ02 g χ
0∗
2 Y˜
+χ˜− −g
¯˜χ
0
2
¯˜Xχ01 g χ
0∗
1 X˜χ˜
0
2 −g
¯˜χ
0
1
¯˜X
∗
χ02 g χ
0∗
2 X˜
∗χ˜01 −g
¯˜ρ
+
1
¯˜W
−
ρ0 g ρ0∗W˜−ρ˜+1 -g
¯˜ρ
+
2
¯˜Y
−
ρ0 g ρ0∗Y˜ −ρ˜+2 -g
¯˜χ
′+ ¯˜W
−
χ′01 −g χ0∗1 W˜−χ˜′+ g
¯˜χ
′+ ¯˜Y
−
χ′02 −g χ′0∗2 Y˜ −χ˜′+ g
¯˜χ
′0
2
¯˜X
∗
χ′01 −g χ′0∗1 X˜χ˜′02 g
¯˜χ
′0
1
¯˜Xχ′02 −g χ′0∗2 X˜χ˜′01 g
¯˜ρ
′−
1
¯˜W
+
ρ′0 −g ρ′0∗W˜+ρ˜′−1 g
¯˜ρ
′−
2
¯˜Y
+
ρ′0 −g ρ′0∗Y˜ +ρ˜′−2 g
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Vertex Factor vertex Factor
µLµ˜
c
Lρ˜
′0 −iYµ ν˜µLρ˜′−1 µcL −iYµ
µ˜Lρ˜
′0µcL −iYµ ν˜cµLρ˜′−2 µcL −iYµ
τLτ˜
c
Lρ˜
′0 −iYτ ν˜τLρ˜′−1 τ cL −iYτ
τ˜Lρ˜
′0τ cL −iYτ ν˜cτLρ˜′−2 τ cL −iYτ
µL ρ˜
+
2 ν˜τL −2iYνµτ µL ρ˜+1 ν˜cτ 2iYνµτ
τL ρ˜
+
2 ν˜µL −2iYντµ τL ρ˜+1 ν˜cµL 2iYντµ
Table B.3
Higgsino-lepton-slepton interacions
−Yνab[laLρ˜+2 ν˜bL − laLρ˜+1 ν˜cbL + ν˜caLρ˜+1 lbL − ν˜aLρ˜+2 lbL] (B.10)
Corresponding vertices are shown in Fig. B.3
(5) In the soft Lagrangian, the mass term of sleptons is given by
Lf˜mass=−m˜2LabL˜†aLL˜bL − m˜2Rab l˜c∗aL l˜cbL −
[
h′abL˜
T
aLρ
′ l˜cbL
+ habε
αβγ(L˜aL)α(L˜bL)β(ρ)γ +
λ1ab
3
µρρ
∗L˜aL l˜cbL
+
λ3ab
3
µρε
αβγ(ρ′∗)α(L˜aL)β(L˜bL)γ +H.c.
]
, (B.11)
here a, b are flavor indices {a, b = 1, 2, 3} or a, b = {e, µ, τ} and α, β, γ
are component indices of SU(3)L. The ε
αβγ is the antisymmetric tensor.
In this paper we focus on the mixing of slepton µ˜ and τ˜ . This mixing
makes mass-eigenstate basis of slepton is different from [24]. For more
detail, please see in Appendix C. The Lagrangian relating with Higgs-
lepton-slepton interactions has the form
Lµ˜τ˜H0 =−
[
(h′µτ µ˜Lρ
′0τ˜ cL + h
′
τµτ˜Lρ
′0µ˜cL + h
′
τ τ˜
c
Lρ
′0τ˜L + h′µµ˜
c
Lρ
′0µ˜L)
+ ρ0(hµτ − hτµ)(ν˜cµLν˜τL − ν˜µLν˜cτL) +
1
2
Yτµρρ
0∗τ˜Lτ˜ cL
+
1
2
Yµµρρ
0∗µ˜Lµ˜cL + Yνµτµρρ
′0∗ (ν˜cτLν˜µL − ν˜cµLν˜τL)+H.c.](B.12)
Vertices of Higgs- slepton-slepton interactions are listed in Table B.4.
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Vertex Factor Vertex Factor
µ˜cLµ˜Lρ
′0 −ih′µ τ˜ cLτ˜Lρ′0 −ih′τ
µ˜Lτ˜
c
Lρ
′0 −ih′µτ τ˜Lµ˜cLρ′0 −ih′τµ
ρ0ν˜cµLν˜τL −i(hµτ − hτµ) ρ0ν˜µLν˜cτL i(hµτ − hτµ)
ρ0τ˜∗Lτ˜
c∗
L − i2Yτµρ ρ0µ˜∗Lµ˜c∗L − i2Yµµρ
ρ′0ν˜∗τL ν˜
c∗
µL −iYνµτµρ ρ′0ν˜∗µL ν˜c∗τL iYνµτµρ
Table B.4
Slepton-slepton-Higgs vertices. .
C Mass eigenstates of particles in the SUSYE331 model
C.1 Neutral Higgs
The physical states of Higgs (mass eigenstates) have been studied in [24]. For
convenience we review the main results in this appendix. First we expand the
neutral Higgs components around the VEVs by
χT =
(
u+S1+iA1√
2
, χ−, w+S2+iA2√
2
)
, ρT =
(
ρ+1 ,
v+S5+iA5√
2
, ρ+2
)
χ′T =
(
u′+S3+iA3√
2
, χ′+, w+S4+iA4√
2
)
, ρ′T =
(
ρ′−1 ,
v′+S6+iA6√
2
, ρ′−2
)
(C.1)
where {u, w, u′, w′, v, v′}, {S1, S2, S3, S4, S5, S6} and {A1, A2, A3, A4, A5, A6}
are VEV, scalar, and pseudo scalar parts of neutral Higgs, respectively. The
Higgs mass spectrum and the Higgs mass eigenstates given in [24] showed
that:
Scalar Higgs: Mass eigenstates of six original scalar Higgs {S1, S2, S3, S4, S5, S6}
are defined as three massless eigenstates {S ′1a, S ′5, ϕS24} and three massive
ones {φS24, ϕSa36 , φSa36}. The relations between the original and the mass-
eigenstate base are 5 :
5 There are some different definitions for γ in [23,24,25]. In this paper we use
notations identifying with those of [23].
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
S1
S2
S3
S4
S5
S6

=

cβsθ −sβcθ −cβcθ −sαsβsθ −cαsβsθ 0
cβcθ sβsθ cβsθ −sαsβcθ −cαsβcθ 0
sβsθ −cβcθ sβcθ sαcβsθ cαcβsθ 0
sβcθ cβsθ −sβsθ sαcβcθ cαcβcθ 0
0 0 0 −cαsγ sαsγ cγ
0 0 0 cαcγ −sαcγ sγ


S ′1a
ϕS24
φS24
ϕSa36
φSa36
S ′5

(C.2)
where some new notations are defined as follows:
tθ ≡ tan θ ≡ u
w
=
u′
w′
, cθ ≡ cos θ, sθ ≡ sin θ,
tβ ≡ tanβ ≡ w
w′
, cβ ≡ cos β, sβ ≡ sin β,
and
tγ ≡ tan γ ≡ v
v′
, sγ ≡ sin γ, cγ ≡ cos γ,
and α is determined through relations:
tan 2α ≡ −2m
2
36a
m266a −m233a
, cα ≡ cosα, sα ≡ sinα
m233a =
18g2 + g′2
54c2θ
(w2 + w′2) =
(18g2 + g′2)w2
54c2θs
2
β
m266a =
9g2 + 2g′2
27
(v2 + v′2) =
(9g2 + 2g′2)v2
27s2γ
m236a =
9g2 + 2g′2
54
√√√√(v2 + v′2)(w2 + w′2)
c2θ
=
9g2 + 2g′2
54
vw
|cθsγsβ|
The mass eigenvalues of three physical Higgses φS24 , ϕSa36 and φSa36 are:
m2φS24
=
g2
4
(1 + t2θ)(w
2 + w′2) =
g2w2
c2θs
2
β
(C.3)
m2ϕSa36
=
1
2
[
m233a +m
2
66a −
√
(m233a −m266a)2 + 4m436a
]
(C.4)
m2φSa36
=
1
2
[
m233a +m
2
66a +
√
(m233a −m266a)2 + 4m436a
]
(C.5)
Pseudo-scalar Higgs: There are five Goldstone bosons {A5, A6, A′1, A′2, ϕA}
and one massive physical Higgs ϕA. Because the ϕA does not receive any
contributions from the A5, A6 and sleptons as well as their sneutrinos only
couple to ρ, ρ′, hence there is no coupling of pseudo scalar ϕA to muon and
tauon at the one loop approximation. This is the difference between MSMS
and our model.
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C.2 Mass eigenstates of sleptons
The masses of sleptons in SUSYE331 models were studied in details in [24].
In the work, they assumed that lepton numbers are conserved even in the
slepton sector. This assumption leaded to the absence of mixing terms in
slepton sector. Our work is interested in studying the source of LFV caused
by the mixing between slepton µ˜ and τ˜ and ignore all other sources of FLV . So
with two assumptions of R-parity conversation and the small left-right mixing
in slepton sector, we can base on [24] to write the mass terms of charged
sleptons in the form:
− Ll˜l˜∗ =
∑
l˜La
m˜2
l˜La
l˜∗La l˜La +
(
m˜2Lµτ µ˜
∗
Lτ˜L +H.c.
)
+
∑
l˜Ra
m˜2
l˜Ra
l˜∗Ra l˜Ra +
(
m˜2Rµτ µ˜
∗
Rτ˜R +H.c.
)
(C.6)
where l˜La = {e˜L, µ˜L, τ˜L}, l˜Ra = {e˜R, µ˜R, τ˜R} and
m˜2
l˜La
≡ Baa=M2aa +
1
4
µ20a +
v′2
18
λ21aa +
1
18
λ22a(u
2 + w2)
− g
2
2
(
H3 − 1√
3
H8 − 2t
2
3
H1
)
,
m˜2
l˜Ra
≡ Caa=m2aa +
v′2
18
λ21aa + g
2t2H1,
m˜2Lµτ ≡ B23=M223 +
1
4
µ02µ03 +
1
18
λ22λ23(u
2 + w2),
m˜2Rµτ ≡ C23=m223,
H1≡ 1
6
[
(u2 + w2)
cos 2β
s2β
− 2v2 cos 2γ
s2γ
]
=
1
6
[
(u2 + w2)
(
cot2 β − 1
)
− 2v2
(
cot2 γ − 1
)]
H3≡−1
4
[
u2
cos 2β
s2β
− 2v2cos 2γ
s2γ
]
=−1
4
[
u2
(
cot2 β − 1
)
− 2v2
(
cot2 γ − 1
)]
H8≡− 1
4
√
3
[
v2
cos 2γ
s2γ
+ (u2 − 2w2)cos 2β
s2β
]
,
=
1
4
√
3
[
v2
(
cot2 γ − 1
)
+ (u2 − 2w2)
(
cot2 β − 1
)]
,
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t2≡
(
g′
g
)2
=
6s2W
3− 4s2W
(C.7)
Note that here we use notations M2aa and m
2
aa in stead of m
2
aL and m
2
la in the
soft breaking term of [23]. We assume that the mixing matrix of the µ˜L,R and
τ˜L,R slepton masses is given by
− Lµ˜τ˜ =(µ˜∗L, τ˜ ∗L)
 m˜2µL m˜2Lµτ
m˜∗2Lµτ m˜
2
τL

 µ˜L
τ˜L
+ (µ˜c∗L , τ˜ c∗L )
 m˜2µR m˜2Rµτ
m˜∗2Rµτ m˜
2
τR

 µ˜cL
τ˜ cL

(C.8)
This form is the same as that given in [10,11] ( for detail, see [10], Appendix
A.1). Hence, the mass eigenstates and eigenvalues of sleptons in our model are
similar to that in the MSSM [10,11]. In particular, the mass mixing matrix
of the left handed and right handed of sleptons given in (C.8) produce the
mass eigenstates such as {l˜L2 , l˜L3} and {l˜R2 , l˜R3}. The corresponding mass
eigenvalues are {m˜2L2 , m˜2L3} and {m˜2R2 , m˜2R3}.
From now we adopt conventions the flavor states of sleptons are µ˜L, τ˜L and
µ˜cL, τ˜
c
L while the mass eigenstates are l˜L2 , l˜L3 and l˜R2 , l˜R3 , respectively. The
relations between these two kinds of basics are: µ˜L = cLl˜L2−sL l˜L3 , τ˜L = sL l˜L2+
cLl˜L3 , with cL = cos θL, sL = sin θL; µ˜
c
L = cR l˜R2 − sR l˜R3 , τ˜ cL = sRl˜R2 + cR l˜R3 ,
with cR = cos θR, sR = sin θR. The mixing parameters satisfy the following
relations:
sLcL =
m˜2Lµτ
m˜2L3 − m˜2L2
, sRcR =
m˜2Rµτ
m˜2R3 − m˜2R2
. (C.9)
C.3 Sneutrinos
The general Lagrangian which gains masses for sneutrinos is given in [24] as
follows
Lν˜ =
(
ν˜∗aL, ν˜
∗
aR
)Aab Eab
Eab Gab

 ν˜bL
ν˜bR
 , (C.10)
where
νaL ≡ (ν1L, ν2L, ν3L)T , νaR ≡ νc∗aL = (νc∗1L, νc∗2L, νc∗3L), (C.11)
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and
Aab=
g2
2
δab
(
H3 +
1√
3
H8 − 2t
2
3
H1
)
+M2ab +
1
4
µ0aµ0b,
+
1
18
λ2aλ2b(v
2 + w2) +
2
9
λ3caλ3cbv
2,
Gab=−g2δab
(
1√
3
H8 +
t2
3
H1
)
+M2ab +
1
4
µ0aµ0b,
+
1
18
λ2aλ2b(v
2 + u2) +
2
9
λ3caλ3cbv
2,
Eab=− 1√
2
[
(εab − εba)v + 1
6
µρv
′(λ3ab − λ3ba)
]
. (C.12)
If the LFV happens only in the {ν˜µ, ν˜τ} sector, we can rewrite the non-
vanishing terms given in (C.12) in more explicit formulas:
m2ν˜aL ≡ Aaa=
g2
2
(
H3 +
1√
3
H8 − 2t
2
3
H1
)
+M2aa +
1
4
µ20a
+
1
18
λ22a(v
2 + w2) +
2
9
v2
∑
c
λ23ca,
m2ν˜aR ≡ Gaa=−g2
(
1√
3
H8 +
t2
3
H1
)
+M2aa +
1
4
µ20a
+
1
18
λ22a(v
2 + u2) +
2
9
v2
∑
c
λ23ca,
m2ν˜Lµτ ≡ A23=M223 +
1
4
µ02µ03 +
1
18
λ22λ23(v
2 + w2) +
2
9
v2λ23c2λ3c3,
m2ν˜Rµτ ≡ A23=M223 +
1
4
µ02µ03 +
1
18
λ22λ23(v
2 + u2) +
2
9
v2λ3c2λ3c3. (C.13)
Similar to the charged sleptons sector, we denote by {ν˜µL, ν˜τL , ν˜µR , ν˜τR} the
flavor eigenstates while by {ν˜L2, ν˜L3, ν˜R2, ν˜R3} the mass eigenstates. Also,
notations {m˜2νL2 , m˜2νL3, m˜2νR2 , m˜2νR3} denote the mass eigenstates of sneutrinos.
Here the relations between two bases are:
ν˜µL = cνL ν˜L2 − sνL ν˜L3, ν˜τL = sνL ν˜L2 + cνL ν˜L3,
ν˜µR = cνR ν˜R2 − sνR ν˜R3, ν˜τR = sνR ν˜R2 + cνR ν˜R3,
sνLcνL =
m˜2νLµτ
m˜2νL3 − m˜2νL2
, sνRcνR =
m˜2νRµτ
m˜2νR3 − m˜2νR2
. (C.14)
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